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PREFACF 


In'.litjtp  oi  Scif'ricf  nri'i  Trcfiriology 


Project  MICHIGAN  Is  a  continuin':  lon^-r.in-'r  rr  search  a-d  «t.  I  -pna  itr'i-a  ain 
for  advancint:  the  Army's  comixit  surveilLon  e  and  iari'.»;  t-a*-<iiis!tj>v-  lajxd  s!;'!*  s.  T.he 
program  is  carried  out  Ijy  a  full-time  staff  of  sp<  rialtsts  in  physics,  i  rcra.  n:  ':. 
ematicd,  and  psycholoj:y  at  the  Institute  of  Science  as  d  TethrK'p.^y,  and  t»Y  tri<  nds  rs  of 
the  teaching  faculty  and  graduate  stud«-n;s  of  othiT  rese-arch  t;r«>u|'s  and  lai»>ratories 
of  The  University  of  Michij'an. 

The  emphasis  of  the  Project  is  upon  research  in  ima^in’4  radar,  MTI  radar,  infra¬ 
red,  radio  location,  lmat:e  processing,  and  s|)ecial  investis^ations.  P.articular  atten¬ 
tion  Is  given  to  all-weather,  long-range, high-resolution  sensory  and  location  tech¬ 
niques. 

Project  MICHIGAN  was  established  by  the  U.S.  Army  Signal  Corps  at  The  Uni¬ 
versity  of  Michigan  In  1953  and  has  received  continuing  support  from  the  U.S.  Army. 
The  Project  constitutes  a  major  portion  of  the  diversified  program  of  research  con¬ 
ducted  by  the  Institute  of  Science  and  Technology  in  order  to  make  avaiial)le  to 
government  and  Industry  the  resources  of  The  University  of  Michigan  and  to  broaden 
the  educational  opportunities  for  students  in  the  scientific  and  engineering  disciplines. 

Documents  issued  in  this  series  of  Technical  Memorandums  are  published  by  the 
Institute  of  Science  and  Technology  in  order  to  disseminate  scientific  and  engineer¬ 
ing  information  as  speed  .y  and  as  widely  as  possible.  The  work  reported  may  be 
incomplete,  but  It  Is  considered  to  be  useful,  interesting,  or  suggestive  enough  to 
warrant  this  early  publication.  Any  conclusions  are  tentative,  of  course.  Also  in¬ 
cluded  in  this  series  are  reports  of  work  in  progress  which  will  later  be  combined 
with  other  materials  to  form  a  more  comprehensive  contribution  in  the  field. 

Progress  and  results  described  in  reports  are  continually  rcasse.sscd  by  Pi'ojecf 
MICHIGAN.  Comments  and  suggestions  from  readers  are  invited 

Robert  L.  Hess 

Director 

Project  MICHIGAN  > 
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FO?{FUOf?D 


of  ani  l  Tot.  lifiology 


This  p;tpfr  discussfs  sofiit-  t'f“n<-r;il  ^  r  1  t  »*v  c'h.ir;»r!y  r- 

istics  of  liuman  short-tern;  .i.emory.  based  in  part  on  som*  e\i)«  rimentil  studies  of 
human  short-torm  mcniory  for  alphanunu  rie  m*«;sa-^*s.  Af  ab  sis  of  human  function 
in  combat  surveillance  inform.ition-proc*  ssit»-4  systems  of  ♦  v«  ry  level  of  complesity, 
includintt  simple  search  of  sensor  output  displays.  re\-eaN  a  strong  involvement  of 
human  short-term  memory  capabilities.  The  state  of  quantitative,  empirical  kno’*- 
ledge  about  those  capabilities,  under  test  c.onditions  approfiriate  to  the  human  tasks 
in  combat  surveillance,  is  meager,  and  theory  is  .as  yet  p/^iorlv  developf>d.  A  pro¬ 
gram  of  research  was  initiated  by  the  Engineering  Psychology  Lalyjratory  of  the 
University  under  Project  MICHIGAN  in  1960  to  reduce  this  deficiency  in  knowiedge 
at  the  same  time  that  such  memory  functions  wi  re  examine-d  in  the  context  of  human 
tasks  in  combat  surveillance. 

This  general  theoretical  paper  is  the  first  formal  report  that  uses  some  of  Uie 
information  gained  in  this  program  liefore  its  termination  in  1962.  Other  subsequent 
reports  will  cover  specific  experimental  studies  in  detail. 
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IMfM.lCATlON'S  Of  SnOPT-TFP%t  Mf  MOt^Y  KOR 
THKOPY  OF  MF  MO’iV 


Aa-iTItACT 

A  dichotomy  of  human  memory  into  ’’inimcdnte"  racr.iory  and  lomc-tt  rm  mem¬ 
ory  (associative  memory,  habit)  has  item  •xidelv  acr»'pled  for  many  years  and  has 
been  formally  stated  by  some  theorists.  This  assumed  dichotomy  of  the  phenomena 
of  short-term  memory  and  long-term  memory  is  examined  and  rejected  in  Hus  paper 
First.  1  nuniljer  of  current  issues  in  Irarr.in-.:  thc-ory  are  restated  as  issues  al>out 
the  formation,  storage,  and  retrieval  of  memory  traces,  and  the  major  issue 
is  identified  as  the  question  whether  short-term  memory  and  lone-term  memory  are 
points  on  a  continuum, ora  dichotomy.  Then  this  major  issue  is  examined  in  the 
light  of  data  from  recent  studies  in  which  the  recall  of  single  to-be-rememl>ered 
alphanumeric  Items  followed  a  single  or  very  few  repe  titions.  Finally,  the  issue  is 
examined  in  the  light  of  new  data  that  relate  the  slope  of  the  short-term  forgetting 
curve  to  the  number  of  elements  or  recoded  "chunks”  in  the  to-be-remembered  unit, 
and  also  new  data  that  confirm  and  extend  Hebb's  finding  Ifut  there  is  a  specific 
accumulative  strengthening  effect  of  repetitions  in  the  "immediate"  memory  situation 
involving  to-be-remembered  units  beyond  the  span  of  immediate  memory  ol  human 
subjects.  The  principal  consequence  of  the  conclusion  that  a  continuum,  rather  than 
a  dichotomy,  is  involved  in  short-term  and  long-term  memory  is  the  rejection  of  the 
postulate  of  autonomous  decay  of  traces  in  the  case  of  short-term  memory  and 
acceptance  of  the  postulate  of  permanence  of  traces,  once  formed,  throughout  all 
varieties  of  memory.  Other  implications  of  the  data  on  short-term  memory  for  a 
general  theory  of  human  memory  arc.  however,  discussed. 
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INIf'Ot)rCTrO.\’ 

PsycholfH'ical  studies  of  human  short  term  rnrm  >ry,  and  particularly  the  lurlher  exploita¬ 
tion  of  new  techniques  for  investi{;atin^  it,  will  pl.iv  an  important  role  in  the  formulation  of  a 
general  theory  of  memory.  Even  now,  S'lme  critical  issues  are  I'cing  shar|»encd  by  observation. 
It  seems  probaiilc  that  the  next  ten  years  will  see  major,  perhaps  even  definitive,  advances  in 
our  understanding  of  the  biochemistry,  neurophysiology,  and  psychology  of  memory,  especially 
if,  through  interdisciplinary  communication,  a  unified  Uieory  is  sought. 

The  confluonceof  forces  responsible  for  thi.ssanguineprcdictionaliout  future  progress  is  re¬ 
flected  in  the  program  on  memory  of  the  1063  meetings  of  American  Association  for  the  Advance¬ 
ment  of  Science.  Advances  in  biochemistry  andncurophysiology’ are pcrmlttingthe  formulation  and 
testing  of  meaningful  theories  about  the  palpable  stuff  that  is  the  correlate  of  the  memory  trace  as  a 
hypothetical  construct  (Deutschfl)  ,Gerard|  2 1,  Thomas  [3j).  In  this  work  we  find  heavy  emphasis 
on  the  storage  mechanism  and  its  properties,  especially  the  consolidation  process,  and  it  may 
be  expected  that  findings  hero  will  offer  important  guide  lines  for  the  refinement  of  the  psychol¬ 
ogist's  construct  once  we  are  clear  as  to  wlial  our  human  performance  data  say  it  should  be. 

Within  psychology,  ^  veral  developments  liavo  focused  attention  on  memory.  In  the  first 
place,  among  learning  tlioorists  there  is  a  revival  of  interest  in  the  appropriate  assumptions  to 
be  made  about  tlie  characteristics  of  the  memory  traces  (eng.rains,  associations,  bonds,  sHr's) 
that  are  tlie  products  of  experiences  and  repetitions  of  experiences.  For  instance,  Estes  [4]  has 
questioned  the  validity  of  the  widespread  assumption  (c.g.,  Hull  |5|,  Spence  |6j)  that  habit  strength 
grows  incrementally  over  repetitions, and  liasiu-oposed  an  all-or-none  conception  as  an  alterna¬ 
tive.  More  recently,  lie  has  examined  |7|  in  detail  tlie  varieth  s  of  the  incremental  and  all-or- 
none  conceptions  and  the  evidence  related  to  them.  Already,  some  delenclers  of  Hie  incremental 
concept  (.lones  [8] ,  Kcppcl  and  Underwood  156 1 ,  Postman  |19|)  liave  taken  issues  with  Estes'  con¬ 
clusions,  and  it  would  appear  tliat  lliis  fundamental  question  about  mc'mory  will  loom  large  in 
theory  and  experiments  lor  some  time  to  come.  At  a  somewhat  difl'ereiil  level,  the  revival  of 
experimental  and  theoretical  interest  in  the  notion  of  iiorseveration  or  consolidation  of  tlic 
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memory  trace  (Glickmaii  [Hi),  and  attempts  t.«  crntKxlv  it  in  a  ^eneral  Juor-.'  t  'H<  •■h 

(12j.  Walker  fl3|)  have  also  focused  attentior’.  on  :i  theorv  o?  mem -.rv  as  a  1  urdarr.*  r<*a;  i  omor.- 
nent  of  a  theory  of  learnin". 

A  second  strone  stimulus  to  researcfi  on  metn  /iy  from  •ai'.tufi  psyct.o!  »:>•  are  several  lim! 
ings  of  the  last  few  years  that  have  f(«rced  major  revisions  in  the  interference  theory  of  fer^et- 
tin^t  and  cotiseciuenlly  a  renaissance  of  interest  in  :t  tPostman  *14;’;.  First,  there  was  tlie  di.s- 
covery  by  Underwood  |15]  that  proactive  inhll'iti  >n  had  t>een  grossly  underestim.'eted  as  a  source 
of  interference  in  forpiettlnj;.  Then,  the  unlearairL;  factor  as  a  component  of  retroactive  inhibi¬ 
tion  was  tjiven  (treater  credibility  by  the  findmits  of  Harncs  and  I'nderwt ryj  flf:].  And  finally, 
the  joint  consideration  of  the  haiilt  structure  of  the  indivirtial  (irmr  to  a  new  learnin"  ex|terience. 
the  compatibility  or  incompatibility  of  the  new  learnim:  with  that  structure,  and  the  unlearnintt 
factor  (amontt  others)  led  to  the  formulation  of  the  interference  theory  of  foriictlini;  in  terms 
that  made  It  applicable  to  all  new  learning  (.Melton  [17j.  Postman  [14],  l'nderwc>od  and  Postman 
[18|).  Thus,  this  development  focuses  attention  on  the  interactions  of  memory  traces  during 
learnirg  as  weL  as  their  interactions  at  tlie  tune  of  attempted  retrieval  or  utilization  In  recogni¬ 
tion,  recall,  or  transfer. 

But  perhaps  the  most  vigorous  force  within  psychology  directing  attention  to  the  need  for  a 
general  theory  of  memory  is  the  spate,  during  the  last  five  years,  of  theorizing  and  research 
on  Immediate  and  short-term  memory.  In  1958,  and  increasingly  thereafter,  the  principal 
journals  of  human  learning  and  performance  have  been  flooded  with  reports  of  experimental 
Investigations  of  human  short-term  memory.  This  work  has  been  characterized  by  strong 
theoretical  interests,  and  so*  letimes  strong  statements,  about  the  nature  of  memory,  the  charac¬ 
teristics  of  the  memory  trace,  and  the  relations  Ijetwecn  sliort-term  memory  and  the  memory 
that  results  from  multiple  repetitions.  The  contrast  with  the  preceding  thirty  years  is  striking. 
During  those  years  most  research  on  short-term  memory  was  concerned  with  the  memory  span 
as  a  capacity  variable,  and  no  more.  It  is  always  dangerous  to  bo  a  historian  about  the  last  five 
or  ten  years,  but  I  venture  to  say  that  Broadbeiit's  Perception  and  Comnuinicalion  [19],  with  its 
emphasis  on  short-term  memory  a.s  a  major  factor  in  human  information-processing  perform¬ 
ance,  played  a  key  role  In  this  development.  Fortunately,  many  of  the  others  who  have  made 
important  methodological  and  substantive  contributions  to  this  analysis  of  short-term  memory 
have  presented  their  most  recent  findings  and  thoughts  in  llio  Association's  program  on  memory, 
and  they  thus  adequately  document  my  assessment  of  the  vigor  and  importance  of  this  recent 
development.  Therefore  I  will  refrain  from  further  documentation  and  analysis  at  this  point, 
since  the  impact  of  some  of  these  findings  on  our  theory  of  memory  is  my  main  theme. 
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TUI.  DOMAIN  OF  A  TtlFOIiY  OF  MFMORY 

A  thf'ory  of  nicruory  must  lx-  i  f-r;ipr<-lx  risi-/f-,  tiuit  O,  lut*  rciist  iplmu:  ■.  _*<  r  ■;.(  f  >'  '■mu  . 
rcas'ius.  Tht!  stofip'd'  liK-i’li.misiii  is  tin-  !.riiicipai  roMft-rri  of  tit  :  r<  r  .jdA,' ioIo;;ists. 

The  mr)rt)li(3lf)xy  of  its  -  wlu  tlu  r  as  a  nT.:!tip!‘‘xt;d  trai.-p  .;•, stem  with  out  liat  o  per  rt - 

petition,  or  a  single  trace  system  sul.jecied  to  increment.i!  chan 'os  in  “stresi-th"  ie  r«  pvtitiun  -- 
is  beeominf;  a  firincipal  concern  tif  Uarnin"  the-irists.  It.s  sus-reputdlity  to  inhU  ition.  interfer¬ 
ence,  or  cunfu.sion  lK)tii  at  the  time  o|  iie*A  trace  forrnati  m  and  at  tfte  time  of  attempted  trace 
retrieval  or  utilization  is  the  concern  ot  (or<fettiny  and  transfer  theorists.  Also,  tlie  perhaps 
unique  properties  of  its  nianife.station  in  immediate  and  short-term  retention  is  the  principal 
concern  of  p.sycholopists  interested  in  human  inlornnition-pmcessinx  performance.  One  knows 
intuitively  that  all  of  these  different  appri>aches  emphasize  valid  questions  or  issues  that  must 
be  encompassed  by  a  f;encral  theory  of  memt*ry.  i)ut  nowhere  —  with  perhaps  the  exception  of 
Gomulickl's  [20|  historical-theoretical  monograph  on  memory-trace  Uteory  —  will  one  find 
explicit  systematic  consideration  of  these  several  different  lacets  of  the  problem  of  memory. 

Since  my  present  intention  is  to  marshal  some  data  relevant  to  one  of  the  main  issues  in  a 
general  theory  of  memory  —  namely,  whether  single-repetition,  short-term  memory,  and  mul¬ 
tiple-repetition  long-term  moniury  arc  a  dichotomy  or  points  on  a  continuum  —  I  feel  compelled 
to  discuss  briefly  what  I  believe  to  be  the  proper  domain  of  a  theory  of  memory  and  to  differ¬ 
entiate  it  from  a  theory  of  learning. 

After  some  exclusions  that  need  not  concern  us  here,  learning  may  be  defined  as  the  modi¬ 
fication  of  behavior  as  a  function  of  experience.  Operaliiuially,  this  translated  into  the  question 
whether,  and  if  so  how  aiuch,  there  has  been  a  change  in  behavior  from  Trial  n  to  Trial  n  +  1. 

Any  attribute  of  behavior  that  can  be  subjected  to  counting  or  measuring  operations  can  be  an 
Index  of  change  from  Trial  n  to  Trial  n  +  1,  and  llierefore  an  index  of  learning.  Trials  n  and 
n  +  1  are,  of  course,  the  presentation  and  test  trials  of  a  so-called  test  of  immediate  memory 
or  they  may  be  any  trial  in  a  repetitive  learning  situation  and  any  immediately  subsequent  trial. 

By  convention  among  psychologists,  the  change  from  Trial  u  to  Trial  n  +  1  is  referred  to  as  a 
learning  change  when  flio  variable  of  Inicresl  is  the  ordinal  numljer  of  Trial  n  and  not  tlio  fem- 
poral  Interval  between  Trial  n  and  Trial  n  +  1;  and  the  change  from  Trial  n  to  Trial  n  >  1  Is 
referred  to  as  a  retention  change  when  the  variable  of  interest  is  the  Interval,  and  the  events 
during  the  Interval,  between  Trial  n  and  Trial  n  +  1.  Learning  and  retention  ob.servatlons 
generally  imply  that  the  characlerisitcs  of  the  task,  situation,  or  a.ssociations  to  bo  formed 
remain  the  same  from  Trial  n  to  Trial  n  +  1.  When  any  of  these  task  or  situation  varial)les  are 
deliberately  manipulated  as  Independent  variables  between  Trial  n  and  Ti  ial  n  t  1,  the  oliject 
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o:  invfstination  is  transfer  of  loarninc;.  i.e..  i!-.*;  avatfafttlitv  and  otilizaii on  tif  t.‘  <  ::o>na! 

prodiic’fs  of  Trial  n  in  a  ’’different”  situation. 

Now  tliese  operational  definitions  of  learnir..;.  retention,  .m  i  transfer  are  cfiinpio'.eJv  aseptic 
with  respect  to  theory,  and  I  think  it  is  iinpottarit  to  keep  thetn  so.  In  part,  the  re.ison  is  that 
it  is  useful  fn  keep  in  mind  the  fact  that  learrd-..;  is  n*  v.,  r  otiscrvcd  directl  .  ;  it  is  .alwavs  an  infer¬ 
ence  from  an  oltserved  <  haiire  in  |)erforman<  e  from  Trial  n  to  Trial  n  *  1.  Furthermore  —  and 
this  is  the  important  point  for  theory  -the  oiiserved  idia!e.rc'  in  perforf!t.!.nee  is  ahcavs  a  con¬ 
founded  reflection  of  three  thoorctii  ally  s«  u.ir.i!de  events,  tf.e  events  on  Trial  n  tiiat  result  in 
something  being  stored  for  use  on  Trial  n  •  I,  the  storage  of  i.’as  product  of  T.ial  r.  during  the 
interval  between  Trials  n  and  n  ♦  1,  and  the  events  on  Trial  n  -  1  that  result  in  retrieval  and/or 
utilization  of  the  stored  trace  of  the  events  on  Triaf  n.  F«>r  eonveniem-e,  these  three  theoreti¬ 
cally  separable  events  in  an  instance  of  leanuiii.:  will  be  <-alleri  tr.af  e  formation,  trace  storage, 
and  trace  utilization. 

Obviously,  a  theory  of  learning  must  encompass  these  three  processes.  However,  it  must 
also  encompass  other  processes  such  as  those  unique  to  the  several  varieties  of  selective  learn¬ 
ing  and  problem  solving.  Some  advantages  will  accrue,  therefore,  if  the  domain  of  a  general 
theory  of  memory  is  considered  to  be  only  a  portion  of  the  domain  of  a  theory  of  learning, 
specifically  that  portion  concerned  with  tlie  storage  and  retrieval  of  Uie  residues  of  demonstrable 
instances  of  association  formation.  This  seems  to  me  to  fit  the  historical  schism  between 
learning  theories  and  research  on  memory,  and  the  formal  recognition  of  this  distinction  may 
well  assist  in  avoiding  some  misconceptions  about  the  scope  of  a  Uieory  of  memory.  Historically, 
in  our  major  learning  theories  it  lias  not  seemed  necessary  to  include  consideration  of  the  ques¬ 
tion  whether  storage  of  the  residue  of  a  learning  experience  (Trial  n)  is  subject  to  autonomous 
decay,  the  question  of  aubinomous  consolidation  tlirough  reverberation,  or  even  to  consider  sys¬ 
tematically  the  memory-span  phenomenon.  On  the  oilier  hand,  nuich  of  the  controversy  between 
learning  theorists  surrounds  the  question  of  the  necessary  and  sufficient  conditions  for  associa¬ 
tion  (or  memory  trace)  formation.  And  even  though  most  learning  theories  must  say  something 
about  the  conditions  of  transfer,  or  utilization  of  traces,  they  do  not  always  include  explicit  con¬ 
sideration  of  the  interference  theory  of  forgetting  or  alternative  theories.  As  for  those  who  have 
been  concerned  with  memory  theory,  they  have,  following  Flbbingliaus  (21 1.  oni|.'loyed  the  opera¬ 
tions  of  rote  learning,  thu.s  avoiding  in  so  far  as  possible  the  problems  of  .selective  learning  and 
insuring  the  contiguous  occurrence  of  stimulus  and  response  under  conditions  that  demonstrably 
result  In  the  formation  of  an  association.  Their  emphasis  has  been  on  the  storage  and  retrieval 
or  other  utilization  of  that  association,  i.e.,  of  the  residual  trace  of  it  in  tlio  eontral  nervous  sys¬ 
tem  (CNS),  and  on  the  ways  In  which  frequency  of  repollllon  and  other  learning  al'foi'l  such. storage  and 
retrieval. 
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The  implication  o(  tiiis  l  estrirtion  on  the  domain  of  a  thec-ry  of  me  ni  !’-.  is  vm  t!.i  ir-, 
will  Ik'  concerned  witii  posfperceptual  fraces,  i,e.,  memory  traces,  and  not  prerercrptoal 
traces,  i.e,,  stimulus  traces.  It  seems  to  me  necessary  to  accept  the  n -li on  that  stinicli  mav 
afiect  the  sensorium  for  a  brief  time  and  also  the  directly  irvcolved  CNS  st  .;mcr.ts.  bat  ifiut  tin  y 
may  not  tjet  'Tiookcd  up,”  associated,  or  encoded  'Aitfi  central  or  perinhera!  resj-oi'.se  cunponents, 
and  may  not,  because  of  Uiis  failure  of  l>eint;  responded  to,  become  a  part  of  a  memm  y -ti  ace 
system.  This  view  is  supported  by  the  recent  work  of  Aver!>ach  and  Coriell  !22|,  Spcrlimt  j23j, 
and  Mackworth  |24],  which  shows  that  there  is  a  vcry-shori-term  visual  preperccptual  trace 
which  suffers  rapid  decay  (complete  in  0.3  to  O..o  second).  Only  that  which  is  reacted  todurinuthe 
presentation  of  a  stimulus  or  durini^  this  postexposure  short-term  trace  is  potentially  retriev¬ 
able  from  memory.  Although  it  is  not  necessary  to  my  ar,.:unK’nl  to  defend  this  Ixnindary  for 
memory  theory,  because  if  I  am  wron^  the  slack  will  l;ie  taken  up  in  a  more  inclusive  theory  of 
learning,  it  is  of  some  interest  that  it  is  accepted  by  Broadbent  (25j  and  that  it  is  consistent  with 
a  wealth  of  recent  research  on  "incidental  Icaminir”  in  human  subjects  (Postman  [26]). 

What,  then,  arc  the  principal  issues  in  formulating  a  theory  of  memory?  They  concern 
either  the  storage  or  the  retrieval  oi  traces.  In  the  storage  of  traces  we  have  had  four  issues.' 
The  first  is  whether  memory  traces  should  be  given  the  characteristic  of  autonomous  decay  over 
time,  which  was  dignified  by  Thorndike  1 31)  as  the  Law  of  Disuse  and  which  recently  has  been 
vigorously  defended  by  Brown  [32 1.  The  antithesis  is,  of  course,  the  notion  that  associations, 
once  established,  are  permanent — a  position  initially  formulated  by  McGeoch  [33]  and  incorpo¬ 
rated  in  a  radical  form  in  Guthrie’s  [34j  theory  of  learning. 

The  second  storage  issue  is  again  a  hypothesis  about  an  autonomous  process,  but  one  involv¬ 
ing  the  autonomous  enl.ancement  (fixation,  consolidation)  oi  the  memory  trace,  rather  than  decay. 
The  hypothesis  was  first  formulated  in  the  perseveration  theory  of  Muller  and  Pilzecker  [35j 
with  emphasis  on  the  autonomous  enhancement,  or  strengthening,  of  a  memory  trace  if  it  was 
permitted  to  endure  without  interruption.  As  such,  the  empliasis  was  on  a  property  of  automatic 
"inner  repetition"  if  repetition  and  duration  are  given  a  trade-off  function  In  determining  the 
strength  of  traces.  More  recently,  the  hypothesis  has  been  that  tlie  memory  trace  established 
by  an  experience  requires  consolidation  through  autonomous  reverberation  or  perseveration  if 
it  is  to  become  a  stable  structural  moniory  trace  in  the  CNS  (Deutscli  [1),  Gerard  [2|,  Glicknian 

'Por  the  purposes  of  this  discussion,  I  am  Ignoring  the  hypothetical  property  of  aufonon  .ius, 
dynamic  changes  within  memory  traces  in  the  directions  specified  by  Gestalt  laws  (Koffka  |27|). 
While  the  need  tor  such  a  hypothetical  property  Is  not  yet  a  dead  issue  (Duncan  [2y|,  Lovibond 
[29j),  it  has  had  very  little  support  since  the  cla.sslcal  treatment  of  tlio  matter  by  llehl)  and 
Foord  [30j. 
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ill  j.  Hi  l)b  [30]).  Presumably,  the  alternative  view  is  that  every  experience  estaMtshes  a  stna  - 
tural  memory  trace  without  the  necessity  of  consolidation  through  reverl»eration  or  l  ersevt  ra¬ 
tion,  but  also  witliout  denyinR  that  such  reverberation  or  perseveration,  it  permitted,  may 
strenuthen  the  trace. 

The  third  issue  about  storaf;c  is  the  one  previoislv  referred  to  as  tronjihohcica!  tat  tlie 
molecular  level)  in  our  brief  reference  to  the  current  rontro'-t rsv  abejt  the  all-or-ivau-  versus 
the  incremental  notions  of  association  formation.  The  all-'»r-none  notion  implies  that  iho  incre¬ 
ment  in  the  probability  of  re.sponse  on  Trial  n  *  2  is  a  rorseci  jence  of  establishment  ot  independ¬ 
ent  and  different  all-or-none  trace  systems  on  Trials  n  and  n  *  1;  the  incremental  notion  implies 
that  the  same  trace  system  Is  activated  in  some  dc-.:ree  on  Trial  n  and  then  reactivated  and 
sireiiKthened  on  Trial  n  +  1-  It  is,  of  course,  possible  that  !x)th  notions  could  be  true. 

The  fourth  issue  about  trace  storage  is  actually  one  that  overlaps  the  issues  about  retrieval 
or  utilization  of  traces,  and  currently  is  perhaps  the  most  critical.  This  is  the  question  whether 
there  are  two  kinds  of  memory  storage  or  only  one.  A  duplex  mechanism  has  been  postulated  by 
Hebb  [30|.  Broadbent  (19j  and  many  otliers,  and  on  a  variety  of  grounds,  but  all  imply  that  one 
type  of  storage  mechanism  is  Involved  in  rememi)ering  or  being  otherwise  affected  by  an  event 
just  recently  experienced,  i.e..  "immediate”  or  short-term  memory  for  events  experienced 
once,  and  that  a  different  type  is  Involved  in  the  recall  or  other  utilization  of  traces  established 
by  repetitive  learning  experiences,  i.e.,  long-term  memory  or  habit.  Since  a  clean  distinction 
between  "immediate"  memory  and  short-term  memory  is  .lot  possible  (Melton  [3GJ),  we  shall 
henceforward  refer  to  these  two  manifestations  of  memory  as  short-term  memory  (STM)  and 
long-term  memory  (LTM). 

Some  principal  contentions  regarding  the  differences  between  the  two  mechanisms  arc  that 

(a)  STM  involves  "activity"  traces,  whereas  LTM  involves  "structural"  traces  (Hebb  [12J,  [37 J); 

(b)  STM  involves  autonomous  decay,  whereas  STM  involves  irreversible,  iiondecaying  traces 
(Hebb  [12]);  and  (c)  STM  has  a  fixed  capacity  that  is  subject  to  overload  and  consequent  loss  of 
elements  stored  In  It,  for  nonassociative  reasons,  whereas  LTM  is,  in  effect,  infinitely  expan¬ 
sible,  with  failure  of  retrieval  attrllnitablo  mainly  to  Incompleteness  of  the  cue  to  retrieval  or 
to  interference  from  previously  or  subsequently  learned  associations  (Broadbent  [19J,  (25  j).  On 
the  other  hand,  the  monistic  view  with  respect  to  trace  storage  in  general,  accepts  the  character¬ 
istics  ot  LTM  storage  as.  the  characteristics  of  STM  storage  as  well,  and  thus  ascribes  to  the 
traces  of  events  that  occur  only  once  the  same  "structural"  properties,  the  same  irreversibility, 
the  same  susceptibility  to  associalional  factors  in  retrieval,  as  are  ascribed  to  LTM. 
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■)Tn-  hridiie  to  the  theoretiral  ()rot)l*‘ms  of  trat«-  r<  in-  vj.i  and  = 

tu'iifs  of  a  theory  of  memory  is  olivioii.sly  uroueht  fiy  th<  i_s^f.ie  of  r!:eni'iry  a>  a  du  h  >T( orv  a 
continuum.  Those  who  lavor  a  dichotomy  do  so  on  the  i)asiH  of  data  on  rctcnt!  n.  inon’ettiu;;,  or 
transfer  that  siiytrest  two  distinct  sets  of  conditions  for  retrieval  and  utili^ati  m  of  traces;  ttiuse 
who  fa'.or  a  continuum  do  Sf)  on  the  Ijasis  of  data  that  su^ueist  a  single  set  •»*  conditions  or  prin¬ 
ciples. 

Tlie  history  of  our  thouitht  atiout  tiie  profilems  of  retrieval  and  utili-cation  oI  traces  reveals 
three  main  issues.  The  first  is  ttie  question  of  the  d-  pendence  of  tlie  retrieval  on  tlie  complete¬ 
ness  of  the  reinstatement  on  Trial  n  *  1  of  tl.e  stimulating:  situation  present  on  Trial  n.  Psy¬ 
chologists  have  formulated  several  principles  in  an  attempt  to  descrilte  tJie  relevant  otisei  vations, 
but  all  of  them  may  be  .subsumed  under  a  principle  .^hirh  asserts  that  the  probaliility  of  retrieval 
will  be  a  decreasing  function  of  the  amount  of  stimulus  chany«‘  from  Trial  n  to  Trial  n  *  1. 
Changes  In  directly  measured  and  manipulated  cut  stimuli,  like  the  CS  in  a  classical  condition¬ 
ing  e.xperlment,  that  result  In  decrement  in  response  proliability  are  generally  referred  to  a  sub¬ 
principle  of  stimulus  generalization  (Mednick  and  Freedman  |38|);  changes  in  contextual  stimuli 
that  result  in  forgetting  are  usually  referred  to  a  subprinciple  of  altered  .stimulating  conditions 
or  altered  set  (McGeoch  &  Irion  [30|);  and  stimulus  changes  that  occur  ;  i  jpite  of  all  attempts 
to  hold  the  stimulating  situation  constant  are  referred  to  a  subprinciplc  of  stimulus  fluctuation 
(Estes  [40]).  Since  these  are  all  principle.s  of  transfer,  when  they  arc  employed  to  interpret 
failure  of  retrieval  on  Trial  n  +  1,  it  is  clear  that  all  principles  of  transfer  of  learning,  whether 
they  emphasize  the  occurrence  of  retrieval  in  spite  of  change  or  the  failure  of  retrieval  in  spite 
of  some  similarity,  are  fundamental  principles  of  trace  retrieval  and  utili  'ation.  At  this  moment 
1  see  no  need  to  differentiate  between  tiie  dual-  and  single-mechanism  theories  of  memory  with 
respect  to  this  factor  of  stimulus  change  in  retrieval,  but  an  Implicit  and  undetected  one  may 
exist. 

The  second  issue  relates  to  the  interactions  of  traces.  Here,  of  course,  is  tlie  focus  of  the 
Interference  tlicory  of  forgetting  which  has,  in  recent  years,  led  us  to  accept  tlie  notion  that 
retrieval  is  a  function  of  interactions  between  prior  traces  and  new  traces  at  tlie  time  of  Uie 
formation  of  the  new  traces,  as  well  as  interactions  resulting  in  active  interference  and  blocking 
of  retrieval.  This  theory  was  given  its  most  exiilicll  early  e.xpression  In  the  attack  by  McGeoch 
[33]  on  the  principle  of  autonomous  decay  of  traces,  and  lias  tiecn  refined  and  corrected  in  a 
number  of  ways  since  then  (Postman  [14]).  In  Us  pre.sonl  I'urm  it  includes  the  hypothi'sis  of 
irreversibility  of  traces  and  all  failures  of  retrieval  or  utilization  are  interpreted  as  instances 
of  sUnuilus  change  or  Interference.  Therefore,  a  (me- mechanism  tlicory  of  memory  is  implicit. 
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i!')',v(  Vf'r,  it  li.'is  been  rrcfjfttlizniT  (Mrlt.m  [17  I'/thuf  tb'  ‘  ;ic»  f  ,£■  •?  .  fi.^< 

rotiK'  Irom  the  study  of  retrieval  following;  mu!tir)?e-rc‘!»‘-tii'.io:t  !< a rr.tr-4.  a!  -?  that  th*  < 
of  the  theory  to  STM  is  not  necessarily  valid.  Since  duaf-n'.*  c  har.istn  tI  c'  rests  a;s<  rt  that 
retrieval  in  STM  is  subject  to  disruption  tbroujth  ovfrloa'lit- a.  b  r-it  ass  n » 

ference,  a  |)rime  focus  of  memory  thcstry  tjecomes  ili<-  g  :*  sri  *0  ,{  as>  .ci.itiv*  eit.  rterenn 
effects  in  STM. 

A  third  important  issue  related  to  retrieval  is  tie  r<  lati  oeship  t«r  An  r.  r<  ;Htiiion  and 
retrieval  probability.  Although  the  fa«,t  f>f  a  stromr  correlation  t»  t’*e*:r  repetition  and  prob¬ 
ability  of  retrieval  seems  to  be  not  quest  i  >nal>!«*,  the  theory  of  ru«  nt ory  must  lox'jmpass  two 
imiKjrtant  questions  about  repetition.  The  first  is  whether  repetition  multinlits  the  number  of 
all-or-nono  traces  or  whether  it  produces  incremental  rhant:es  in  the  stremrtb  of  a  trace.  This 
has  alrcatly  been  listed  as  a  problem  in  slorai:e,  but  it  is  obvious  that  the  alternative  notions 
about  storacc  have  imiwrtant  implications  for  the  ways  in  which  repetitions  may  be  manipulated 
to  increase  or  decrease  the  probability  of  retrieval.  The  second  is  whether  there  is  a  funda¬ 
mental  discontinuity  between  the  characteristics  of  traces  established  by  a  sintde  repetition 
and  those  established  by  multi|)lc  repetitions  (or  single  repetitions  with  opjKtrtunity  for  con¬ 
solidation).  This  appears  to  be  the  contention  of  the  dual -mechanism  theorists,  whereas  a 
continuum  of  the  effects  of  repetition  in  the  estab!ishm<>nt  of  "structural”  permanent  traces 
seems  to  be  the  accepted  position  of  the  sini;le-mechanisin  theorists. 

In  summary  so  far;  when  the  domain  of  a  theory  of  memory  is  explicitly  confined  to  the 
problems  of  the  storage  and  retrieval  of  memory  traces,  it  becomes  possible  to  formulate 
and  examine  some  of  the  major  theoretical  issues  under  the  slm))lifying  assumption  that  the 
formation  of  the  assoclatio  s  or  memory  traces  has  ilreatly  occurred.  Then  it  becomes  clear 
that  the  conflicting  notions  with  respect  to  the  properties  of  trace  storage  and  the  conflicting 
notions  with  respect  to  the  principal  determinants  of  trace  retrieval,  or  failure  thereof,  converge 
on  the  more  fundamental  issue  of  the  unitary  or  dual  nature  of  tlu'  storage  mechanism.  My 
plan  is  to  examine  these  alleged  differences  between  STM  and  LTM  in  the  liglit  of  some  recent 
studies  of  human  short-term  memory,  and  then  return  to  a  summary  of  tlu;  implications  those 
studies  seem  to  have  for  the  major  issues  in  formulating  a  general  theory  of  memory. 
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ST  M  AM>  I.TM:  CONTIN'ULM  OR  lil'  HOIOMV 

The  font r.ist iiit;  c hrirtiflerist  if s  f>f  STM  ai-.d  LTM  tlia!  h  ivf  I<<i  to  th<  ii,  i|  i|,,-rc 

;U'f’  two  kinds  of  ineniory  have  not,  to  riiy  kriowTed'.g-.  Ik*  t\  f  r.'d  sys’o  ri.stifaiiv  1)\  anv 

ineniory  theorists,  althouith  Htdjli  [12  ).  Hrondfient'  If).  25.  41  j.  a!;d  Hr  i'-vn  f5i  '  iiavc  dc  fejKit  d 
the  difliotomy. 

The  decay  of  traces  iti  imiiiediatc  laeniory.  in  contrast  to  the  jirrfr...j5i  nee,  even  iria  versi- 
bility,  of  tlie  nieniory  traces  established  throtiLth  repetitive  It  arnini:,  is  the  most  universally 
acclaimed  differentiation.  For  Heltb  [12  I  this  rajdd  decay  is  a  c»>rrelate  of  the  nonstructural, 
i.e.,  "act ivity," nature  of  the  sini;Ie  perception  that  is  uiven  neither  the  "fixation"  effect  of 
repetition  nor  the  opivirtunity  for  "fixation"  throu-.:h  reverlieration.  For  Broadbent  [19,  41  j 
and  Brown  [32  |,  this  autonomous  decay  in  time  is  a  property  of  the  postulated  STM  mechanism, 
and  attempts  have  lieen  made  (e.!;.,  Conrad  and  Hille  [42])  to  supiKirt  the  notion  that  time  per 
se  Is  the  critical  factor  in  decay.  Obviously,  this  autonomous  decay  can  be  ixistponcd  by  re- 
henrsal — recirculation  throufib  the  short-term  store  (Broadiient  (19  j) — and  Brown  [32  J  has 
maintained  that  such  rehearsal  has  no  stren-rtheniiv^  effect  on  the  structural  trace.  However, 
the  decay  of  a  specific  trace  benins  whenever  rehearsal  is  prevented  by  distraction  or  over- 
loadini'  of  the  short-term  store  (Broadbent  [19,  41  j).  A  corollary  of  this  last  pro]XJSition  is 
that  the  initiation  of  the  decay  process,  by  dislodt'in;'  the  trace  from  the  short-term  store,  is 
not  dependent  on  now  learning;  and  therefore  not  on  the  associative  interference  princijiles 
which  account  for  most  if  not  all  of  the  fortjettinc  of  events  that  reach  the  long-term  store 
through  rejictition,  reverberatioiv  or  Ixith  (Broadbent  [25  J). 

These  characteris'  s  contrast  sharply  with  those  altriliuted  to  LTM  by  the  Interference 
theory  of  forgetting  which  has  dominated  our  thinking  siiu’e  McGeoch's  [33  |  classical  attack  on 
the  Law  of  Disuse  and  which  has  gained  nc>w  stature  as  a  cunseciurncc  of  recent  refinements 
(Melton  [17  j,  Postman  [14  j).  This  theory  implies  (a)  that  traces,  even  those  that  result  fi'om 
single  r(!petitions,  arc  "structural"  in  llebb's  sense,  and  an-  |iermanent  except  as  overlaid 
by  either  the  recovery  of  temporarily  extinguished  strutiger  competing  traces  or  by  new  traces; 
(b)  that  all  j)erslstent  and  progressive  losses  in  the  relrievaliility  of  traces  are  to  be  attributed 
to  such  associative  interforeiu;e  factors  and  not  to  cl<‘eay  or  to  a  combination  of  nonassoclal ive 
disruption  plus  decay.  As  a  consequence  of  tlu'se  two  implications,  it  is  assumed  that  the 
effect  of  repetition  on  the  strength  of  the  single  type  of  ti’aeo  is  a  euntiiuious  monotonie  process. 
On  this  basis  a  continuum  is  assumed  to  encompass  single  events  or  sequential  dependencies 
between  them  when  these  events  are  well  within  the  si)an  of  immediate  memory,  and  also 
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i-diiii'lcx  Sffjucncc.s  of  f  vi'iits,  surli  ar:  i:i  .t'.d  pait  *  d-.osori.i!*  ;i;  <  far  jw  •,  o:,-; 

tl)(’  span  of  imnif  flialc  m<’riiory  and  Ihus  r«‘quir«-  niuftipj^  r*  :;*•! iti ms  for  nr.ss'*  rv  vf  tfo-  *  -oiri' 
set  of  rvrnts  or  relations  hftwppn  thorn. 

In  my  cli.srussion  of  the  qup.stion:  "STM  or  LTM;  continuum  or  dk-fi  t’ imv 5  a  s*.!  {h<  rt  - 
forp  (  xanuiip  sonio  p.xpt'rimpntal  data  on  STM  to  sf  (;»)  a  ht  (her  tfa  y  ar*  mti  ri>rt  '..i}»:(  i!i 
terms  of  the  interference  factors  known  to  operate  in  LTM.  ;*nd  ft>)  whether  tJse  d.srafiility  -d 
memory  for  siibsitan  and  supraspan  tfi-»H--rr  m»  nit“  r»  d  ut  its  is  a  c ontirsu  us  fus-et!  .n  d  repe¬ 
titions. 

The  reference  e.xperiments  that  provide  4t»e  data  of  iiitf  rest  are  those  recently  devised 
by  Peterson  and  Peterson  [43  |  and  Hebb  [37  f.  with  major  emi*hnsjs  on  the  former.  Altboutth 
a  number  of  ingenious  techniques  for  Invest igafinu  STM  have  lx  en  irvenle<l  during  the  la.st  few- 
years,  I  believe  that  the  Petersons*  method  is  t(ie  key  to  int*‘gratii>n  of  retention  data  on 
immediate  memory,  STM,  and  LTM.  The  reason  is  that,  as  you  will  see,  it  can  applied  to 
to-be-remembered  units  in  the  entire  range  from  itvjse  well  lie  low-  the  memory  span  to  those 
well  above  it,  and  the  control  and  manipulation  of  duration  and  frequency  of  presentation  are 
essentially  continuous  with  those  traditionally  employed  in  list  memorization. 

In  what  must  have  been  a  moment  of  supreme  skepticism  of  lalioratory  dogma,  tvit  unlike 
that  which  recently  confounded  the  chemlst*.s  dogma  that  the  nolile  gases  an  nonreactivo 
(Abelson  [44]),  Peterson  and  Peterson  [43 )  determined  the  recallability  of  single  trigrams, 
such  as  X.TR,  after  intervals  of  3,  6,  9,  12,  15,  and  18  seconds.  The  trigrannswerc  presented 
auditorily  in  1  second,  a  3-digit  number  occurred  during  the  next  second,  and  S  (subject) 
counted  backward  by  3's  or  4's  from  that  number  until,  after  the  appropriate  interval,  he  re¬ 
ceived  a  cue  to  recall  the  trie  am.  S  was  given  up  to  14  seconds  for  the  recall  of  the  trigram, 
thus  avoiding  any  time  jircssurc  in  the  retrieval  proce.ss.  The  principal  measure  of  retention 
was  the  frequency  of  completely  correct  trigraiii.s  in  recall.  ^ 

The  results  of  this  experiment  arc  shown  in  Figure  1.  It  is  noteworthy  that  the  curve  has 
the  Ebbinghausian  form,  even  though  the  maximum  interval  is  only  18  seconds,  and  that  there 
is  an  aiiiireclablo  amount  of  forgetting  after  only  3  and  fi  secfuicls.  Other  observations  reported 
by  the  Petersons  permit  us  to  estimate  that  the  recall  after  zero  time  interval,  which  is  the 
usual  definition  of  immediate  memory,  would  have  been  00'”,  whlcli  is  to  say  that  in  lO'^i  of  the 
cases  the  trigram  was  mlsporcolvod,  so  that  the  forgetting  is  actually  not  as  great  as  it  might 
appear  to  be.  Even  with  this  correction  for  misperception,  however,  the  retention  after  18 
seconds  would  be  only  about  20%,  which  is  rather  startling  w'lieii  one  remembers  that  tliesc  tri¬ 
grams  were  well  below  the  memory  span  of  the  college  students  who  served  as  Ss. 


CORRECT  RECALL  {%) 


RETENTION  INTERVAL  (seconds) 

FIGURE  1.  PERCENTAGE  FREQUENCY  OF  COMPLETELY  CORRECT  RECALL  OF 

3-CONSONANT  TRIGRAMS  (Peterson  &  Peterson  [43J,  Murdock  [45J,  AND  1-WORD 

AND  3-WORD  UNITS  (Murdock  [45J). 

The  rapid  dcteriorr'*ion  of  performance  over  time  is  not  inconsistent  with  the  decay  theory, 
nor  is  it  necessarily  inconsistent  with  the  notion  that  traces  from  single  occurrences  of  single 
items  are  in  a  continuum  with  traces  from  multiple  items  learned  through  reijctition.  However, 
additional  data  obtained  by  the  same  method  were  soon  forthcoming.  Murdock  f45)  first  rep¬ 
licated  the  Peterson  and  Peterson  ex))eriment  with  3-consonanl  trigrams,  and  then  repeated  all 
details  of  the  experiment  except  that  in  one  study  hc>  used  single  common  words  drawn  from 
the  more  frequent  ones  in  the  Tliorndik<‘- l^trge  word  lists,  and  in  another  study  he  used  word 
triads,  i.e,,  three  unrelated  common  words,  as  the  to-l)e-rem('mbered  unit.  In  Figure  1,  Mur¬ 
dock's  results  from  these  three  experiments  are  shown  alongside  the  Petersons'  results.  His 
replication  of  the  Petersons'  study  with  trigrams  gave  remarka’oly  similar  results.  Of  con¬ 
siderable  significance,  as  we  will  see  later,  ishis  fli'dlng  that  single  words  ar('  forgotten  loss 
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ifi.in  trii^rams,  but  that  some  forjtcttiiu;  orrurs  with  tvrn  such  sirupie  units.  Frufl’y.  the  hms! 
seminal  fart  for  theory  in  these  experiments  is  his  disrovery  that  wore!  triads  act  3-c 
sonant  trittrams  in  short-term  retention. 

Murciork's  data  stronctly  suftitested  that  the  eriiical  di-ft-rrninant  of  t!ic  sl'.pi  of  tSte  s!i  »rt- 
term  retention  function  was  the  number  of  Millerian  I4G|  "c  hunks"  in  tla- 1  ■-!>e-remem!)f  red 
unit.  CX  even  ftreater  im;x)rtance  from  my  (vaint  of  view,  was  the  imjdirat loti  that,  other  things 
being  equal,  the  rate  of  forgetting  of  a  unit  presented  once  is  a  function  of  the  amount  of  intra¬ 
unit  interference,  and  that  this  intraunit  in  erference  is  a  function  of  the  numlw^r  of  encoded 
chunks  within  the  item  rather  than  the  numlter  of  physical  elements,  such  as  letters  or  infor¬ 
mation  units. 

The  first  of  several  projected  cxjjerimental  tests  of  this  hyixathesis  has  been  completed.* 
The  to-be-remembered  units  were  1,  2,  3,  4,  or  5  con.sonants.  The  unit,  whatever  its  size, 
was  presented  visually  for  1  second,  and  read  off  aloud  by  S.  Then  0.7  second  later  a  3-digit 
number  was  shown  for  1  second  and  removed.  The  S  read  off  the  number  and  then  counted 
backward  aloud  by  3's  or  4*s  until  a  visual  cue  for  recall,  a  set  of  4  a.stcrisks,  was  shown. 

The  delayed  retention  intervals  were  4,  12,  and  32  seconds,  and  a  fourth  condition  involved 
recall  after  only  0.7  second,  hereafter  referred  to  as  the  zero  interval.  The  Ss  were  given 
8  seconds  for  the  recall  of  each  item.  In  the  course  of  the  e.xperiment  each  S  was  tested  four 
times  at  each  combination  of  unit  size  and  interval,  for  a  totalof  80  observations.  Every  condi¬ 
tion  was  represented  in  each  of  four  successive  blocks  of  20  observations,  and  there  was 
partial  counterbalancing  of  conditions  within  the  blocks  and  of  to-bc-remombered  units  be¬ 
tween  the  blocks.  Through  my  error,  the  to-be-remembored  units  of  each  specific  size  were 
not  counterbalanced  across  .le  four  retention  intervals.  Thanks  only  to  the  power  of  the  vari¬ 
able  we  were  investigating,  this  did  not,  as  you  will  see,  materially  affect  the  orderliness  of 
the  data. 

The  results  for  the  last  two  blocks  of  trials  are  shown  in  Figure  2.  Again,  the  measure  of 
recall  performance  is  the  percentage  of  completely  correct  recalls  of  the  to-bo-remembored 
unit;  i.e.,  the  single  consonant  had  to  be  correct  when  only  one  was  ijresented,  and  all  five 
consonants  had  to  be  correct  and  in  the  proper  order  w’hen  the  5-consonant  unit  was  presented, 
The  same  relationships  hold  when  Ss  are  notaswcll  practiced  in  the  task,  i.e.,  in  Blocks  1  and 
2,  although  the  absolute  amounts  of  forgetting  are  greater.  The  data  in  Figure  2  are  to  be 

2 

This  study  and  a  subsequent  one  are  graduate  research  projects  to  be  reported  under  the 
title,  "Short-Term  Memory  for  Individual  Items  with  Varying  Numbers  of  FJlements,"  under 
the  authorship  of  A.  W.  Melton,  R.  G.  Crowder,  and  D.  Wulff. 
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CORRECT  RECALL  (1) 
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of  S(:ip’>,ri-  and  T<?ch'  -.og/ 
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U  r, 


|)r>  !>'rrrcl  to  thoso  for  tho  <  ;irli»  r  hf.tufs  of  prru  tio  ,  b<  causo  al-  fiv*  rurvc  s  i:;  t!,is  fi 
have  thf'ir  origin  vorv  near  to  100''V  rr-ratl.  That  is,  in  a!!  cas*'s  it  is  piscjiTi  assnnu-  t!iat 
Ss  liad.  ill  fact,  Icanufl  tlic  to-tMt-rrmc-rT.la  rcd  unit  durini:  the  l-sccoi.d  presentat ion  i;.tt  rval. 


FIGURE  2.  PERCENTAGE  FREQUENCY  OF  COMPLETELY  CORRECT  RECALL  OF  UNITS 
OF  1  TO  5  CONSONANTS  WITH  WELL-PITACTICED  Ss  (BLOCKS  3  AND  4). 

C  =  consonant;  N  =  number  of  observations. 

Aside  from  the  self-evident  generalization  that  the  slope  of  the  short-term  forgetting 
curve  increases  as  a  direct  function  of  the  number  of  elements  in  the  to-be-remembered  unit, 
two  features  of  these  data  are  worthy  of  special  attention.  First,  it  should  be  noted  that  the 
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yltipo  ')!  Ilio  curve  fnr  the  3 -cor.sorrint  units  is  not  as  sleep  as  that,  retnrte'l  It-,  i. ‘h  I’, 
and  Pefer.son  f-13  j  and  by  .Nturdork  [45  '.  U'e  da  nat  knav/  why  there  is  this  disrr- •a-xv,  a!- 
thdunh  it  occurs  con.sistently  in  ourwork  --Aith  the  Petersons'  method. 

The  otht'r  point  of  interest  is  the  obvious  ft»rv:ettin<:  of  the  1 -consonant  unit.  Tins  carve 
parallels  almost  exactly  the  one  olHained  by  Murdock  for  sintrle  words.  H>th  findinc.s  havt 
significance  for  theory  because  they  represent  instances  of  foruett ire  whets  the  intraunit  inter¬ 
ference  is  at  a  minimum  for  verbal  units.  Hut  iKdore  uivinc  additional  consideration  to  this 
point,  a  further  set  of  data  from  this  e.xpti  iment  needs  te  be  presented  and  a  more  general 
statement  of  the  observed  relationships  deserves  formulatioti. 

If  the  increased  slopes  of  the  forgetting  curves  sh-evn  in  Fiuurc  2  are  attributed  to  an 
increase  in  intraunit  interference,  it  is  of  some  irii|)ortance  to  show  tliat  the  more  frequent 
breakdown  of  complete  recall  as  one  incr<*ases  the  numlwr  of  letters  in  the  to-be-remombered 
unit  is  not  merely  a  breakdown  in  the  sequential  dejsendencies  between  the  letters,  but  is  also 
reflected  in  the  frequency  of  correct  recall  of  the  first  letter  of  the  unit.  In  Figure  3  are  shown 
the  percentages  of  first-letter  recalls  in  the  last  two  blocks  of  our  experiment.  Although  this 
graph  lacks  the  monotonic  beauty  of  the  curves  for  whole  units  correct,  I  am  willing  to  accept 
the  generalization  that  first-letter  recall  suffers  interference  as  a  function  of  the  number  of 
other  letters  in  the  to-be-remembored  unit.  Thus,  what  Peterson  [47]  has  called  "background 
conditioning,"  which  is  measured  by  the  recall  of  first  letters,  and  what  he  has  called  "cue 
learning,"  which  is  represented  by  sequential  dependencies  in  recall,  are  affected  alike  by  the 
number  of  elements  in  the  to-be-remombered  unit.  This  is  expected  in  so  far  as  there  is 
functional  parallelism  between  "free"  recall  and  serial  or  paired-associate  recall  with  resi)ect 
to  the  effect  of  learning  anct  interference  variables  (Mellon  [36]). 

In  Figure  4  the  results  obtained  so  far  have  been  generalized  and  extrapolated.  This  set 
of  hypothetical  curves  will  be  used  as  the  conceptual  anchor  for  tlirec  points  that  are  related 
to  the  question  whether  short-term  and  long-term  memory  are  a  dichotomy  or  points  on  a 
continuum.  The  first,  and  most  obvious,  point  alxiut  the  figure  is  tluil  it  reaffirms  the  notion 
that  intraunit  interference  Isa  major  factor  in  the  short-term  forgetting  of  sulispan  units,  but 
now  the  parameter  is  the  number  of  encoded  chunks,  jn.stead  of  tlie  numlier  of  physical  elements 
or  information  units.  This  is  consistent  with  Miller's  [46]  cogent  arguments  for  the  concept 
of  chunk  as  the  unit  of  measurement  of  human  Information-processing  capacities.  It  is  also  the 
unit  most  likely  tohaveal:!  r.clationsliip  to  the  memory  trace.  Oliviously,  it  is  also  the  con¬ 
cept  demanded  by  the  parallelism  of  the  findings  of  Murdock  witli  1  and  3  words  and  our  find¬ 
ings  with  1  to  5  consonants,  even  though  it  cannot,  of  course,  be  asserted  that  the  number  of 
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f'lrnu'iit.s  Ix'Vonrl  one  ill  tlie.se  experiments,  be  they  'Ar»rcis  or  e  .!■>  !  >.  sta- d  !•„  i  f  r<  la- 

tion.sliip  to  the  numlKir  of  chunks.  Even  though  the  strings  of  c- or.s  >rKtr.ts  sc  'ur  *  >;  .eri:".ev,t 
were  ronstructeil  liy  subtractint;  from  or  romt>iruni:  the  coiisonurt  trigr.ims  of  Upnier  igg  ! 
associafic)!!  values  less  than  60'",  there  v.e-re  surely  s-mie  easy -t'>- b-arn  Setta  r  s<xrj<‘r;ri  s  and 
sc'iiic  liard-to-learn  letter  sequences.  That  such  diff*  ren.ees  in  mean ingf-jj.ess  are  correlated 
with  chunkability  is  well  known  (UiKbTW'vid  and  S<;hul/  l-t)  Also,,  p.  terson.  Peterson,  and 
Miller  [50]  have  shown,  although  on  a  limit*  d  sea!*  ,  that  th‘‘  me.in.irgfuhtess  of  CVC  triitrams 
is  positively  correlated  with  recall  after  6  stconds  inth*  Petersons*  nut  hod.  But  jaerhaps  the 
greatest  gain  from  the  use  of  the  chunk  as  the  unit  of  measurement,  in  formulating  the  otherwise 
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RETENTION  INTERVAL  (seconds) 


FIGURE  3.  PERCENTAGE  FREQUENCY  OF  CORRECT  RECALL  OF  THE  FIRST  LETTER 
IN  1-  TO  5-CONSONANT  UNITS  WITH  WELL-PRACTICED  S.s  (BLOCKS  3  AND  4). 

C  -  consonant;  N  numlier  of  observations. 
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i-mpirical  f^or.oriiliz.'itiori,  i.s  ;i  h->*v  uf  m;iy  <|a;i.';tifv  th*-  a-:  ;■  !<  r 

variablf.  It  su'xosis  tn  nw-  that  \k<-  in.iy  in-  .ibN-  »-)  •  stabh^b.  *  rr.;urt*  al  i-  > a  ti 
1,  2,  3,  .  .  .  ,  II  chunks  in  terms  of  th<-  slope  s  ol  sl;‘>rt-t<  rni  mom  >ry  fur  (:?!'>:,<  *i  t!..  !)  uy» 

these  slojjes  to  calibrate  our  verbal  learniii.:  niaK  rials  in  terms  of  a  ct.uak  *-<  .f’r  . 


RETt:NTION  INTKrn  AL  (seconds) 


FIGURE  4.  RECALL  AS  A  FUNCTION  OF  RETENTION  INTERVAL  AND  THE  NUMBER 
Of  "CHUNKS"  IN  THE  TO-BE-REMEMBERED  UNIT.  The  curves  show  the  expected  re¬ 
lationship  between  the  number  of  recoded  units  ("chunks")  in  tlie  to-be-remembered  unit, 
the  duration  of  the  short-term  retention  Interval,  and  the  percenlapo  freriuency  of  com¬ 
pletely  correct  recall,  when  each  to-be-remembered  unit  is  presented  once,  be.,  with  just 
sufficient  duration  for  one  completely  correct  perceptual  encodinu.  The  solid-line  curves 
represent  some  of  the  empirically  determined  functions,  the  dashed  lines  represent  extrap¬ 
olated  functions,  and  the  dotted  line  represents  the  expected  short-term  memory  function 
for  a  to-be-remembered  unit  mat  is  at  memory-span  leixth  for  the  individual  S. 
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I  Ilf  J'viflfiicf  l!i:il  Itif  sl'i|if  of  tlif  sfiort -tf rrn  for'4»tfin'/,  curve  ir'.crf:»>*  >  dr,ona?ir:«!’!v  ;'S 
M  lu.i'^’tion  of  tlif  iiumtjfr  of  rncodf  d  chunks  in  tfic  unit  is  eviffenre  rtc’.tins?  a  :*  .oinnus  d.  rav's 
lifiiaa  a  major  factor,  but  it  dcjcs  not  deny  that  such  dfcay  may  occur.  It  iS  evidt  la'i-  anainst 
decay  as  a  major  factor  Ijccausc  (a)  a  siiiitb-  cons/jnaiit  xas  re mrmt.eriL'd  -.uth  very  inch  fi  t  - 
qufiicy  over  a  32-secotid  interval  filled  with  riumcric.d  operations  that  .surely  qualify  as  over¬ 
loading  and  disruptific  activities  (if  one  grants  that  t!se  I’etersoLs’  method  adrquately  controls 
surreptitious  rehearsal),  and  (b)  the  major  [>'>rtion  of  tt.e  variance  in  recall  is  accounted  fur 
by  iiitraunil  interferenee  (II),  rather  tfrin  time.  It  doe.s  ’/tt  deny  that  decay  nuiy  occur,  since 
there  was  some  forjtettlnc  of  even  the  sin  tie  conscjnai  t  (and  of  the  sinitle  word  in  Murdock’s 
ox|)eriment)  even  thoujjh  only  one  chunk  was  involvr'd,  and  intraunit  interference  was  at  a  mini¬ 
mum.  * 

The  reason  for  the  forjtettinit  of  liie  single  chunk  is,  I  Ix'lieve,  to  l)e  found  in  the  other 
sources  of  interference  in  recall  in  this  type  of  experiment.  In  the  first  place,  I  presume  that 
no  one  will  ar^tue  that  countinj;  backward  aloud  is  the  mental  vacuum  that  interference  theory 
needs  to  insure  the  absence  of  retroactive  inhibition  (RI)  in  the  recall  of  the  lo-be-remembored 
unit,  nor  is  it  necessarily  the  least  interfering,  and  at  the  same  time  rehearsal-preventing, 
activity  that  can  be  found  for  such  experiments.  However,  we  must  leave  this  jwint  for  future 
research,  because  we  have  none  of  the  systematic  studies  that  must  lie  made  on  the  effects  of 
different  methods  of  filling  those  short  retention  intervals,  and  we  also  have  no  evidence,  there¬ 
fore,  on  the  extent  to  which  retroactive  interference  and  intraunit  interference  interact. 

On  the  other  source  of  interference  wiiich  may  explain  the  forgetting  of  the  single  chunk  — 
namely,  proactive  interf  rence  (PI) — we  do  have  .some  evidence.  Peterson  [47  J  has  maintained, 
on  the  basis  of  analysis  of  blocks  of  trials  in  the  original  Peterson  and  Peterson  [43]  study, 
that  there  is  no  evidence  for  tlie  build-up  of  proactive  inhibition  in  that  exiieriment,  only  prac¬ 
tice  effects.  However,  this  evidence  is  unconvincing  (Melton  [36])  when  practice  effects  are 
strong,  and  if  it  is  assumed  that  proactive  inhibition  from  previous  items  in  the  series  of 
tests  may  build  up  rapidly  but  become  asymptotic  after  only  a  few  sucli  previous  items.  Such 
an  assumption  about  a  rajiidly  achieved  high  steady-state  of  IM  is  given  some  credence  by  the 
rapid  development  of  a  steady  state  in  frequency  of  fahjo  positives  in  studies  of  sliort-term 
recognition  memory  (Shepard  and  Teghtsoonian  [til  J). 

A  second,  and  powerful, ^argument  for  large  amounts  of  PI  throughout  the  Peterson  tyjie  of 
experiment  is  the  frequency  of  overt  intrusions  from  previous  units  in  tlie  series  during  the 
attempt  to  recall  an  individual  unit,  Murdock  [45]  found  sucli  intrusions  in  liis  studies  of  short¬ 
term  retention  of  words,  and  there  was  the  strong  recency  effect  among  these  intrusions  that  is 
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to  l)i‘  exportf'Cl  if  the  .ste;idy-st;it<‘  notion  is  '.iilid.  The  an;>!ysis  of  sorh  irlrus!  >::s  sfjdn  s 
involving;  lottt'rs  rather  titan  words  is  limited  by  the  ide;tif).,j){!ity  of  tiie  soure**  »i,r  jot  fu¬ 
sions,  but  all  who  run  experiments  witis  letters  iieeome  ronvinced  ti.at  such  tntrustor.s  are  verv 
common  and  usually  come  from  the  units  just  precedijit:/ 

More  systematic  e\’ldence  for  stnmtt  PI  ttfects  in  STM  In  the  Petersons*  type  of  experi¬ 
ment  is  given  by  Underwood  and  Keppel  [9|.  A  r< nresentative  finding  is  sho-*Ti  in  Figure  5. 

A  3-consonant  item  which  is  the  first  Item  in  the  series  is  recalled  almost  jaerfectly  after  as 


FIGURE  5.  RESPONSES  VS.  TESTS,  Percentage  frequency  of  comjtlctely  correct  recall  of 
3-consonant  trigrams  after  3  and  18  seconds,  as  a  function  of  the  ordinal  position  of  the  test 
In  a  series  of  tests.  The  decline  In  recall  roflects  the  Iniild-up  of  proactive  Inhibition 

(Underwood  and  Keppel  [9j ). 


“Apparent  lntrusif)ns  from  preceding  to-be-remoinljored  units  were  very  common  in  the 
1 -5-cnnsoimnt  experiment  reported  here,  but  the  experln\enlal  dt'sign  did  not  counterbalance 
first-order  Hequenco  effects  over  conditions  and  nollilng  meanin(>,ful  can  be  said  alxaut  sucli  In 
trusions  except  that  tliey ‘occur  with  substantial  frequency. 
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l<inu  ;is  18  Kfconrls,  ;ui(l  PI  huilds  ii[;  r.ir.i';;y  ov*  r  iieriiK,  <;.>peei:illv  f.ir  !h<  '  reU  ini''ri 

inti'fv.il.  riK'se  stipporf  the  I’otj..;,  is  s  jljsiiit  tia!  PI  it;  iftt  P>!«  rs<'i-!  sc  d  pt  i,  r- 

soi!  (‘xporimoiif  on  short -torm  riiotiiory  !  >r  si.-.srlo  vorteil  units.  As  such,  ttii  y,  as  well  as  the 
other  evifleiice  cited,  iiiflicatt'  that  the  stuall  am->uet  of  t  tr:;ef.ttr.-.:  of  sje.-le  iot:s  .naids  or  sinple 
words  over  short  intervals  of  time  may  Pe  partly,  if  not  enttr*  !y.  attriiiutal'le  to  the  Pl  resultint; 
from  sequential  testinu'  of  recall  of  .sicdi  I’f  irs.  Keppel  atid  t’r.dt  rwood's  results  dk)  not,  iiow- 
ov(  r,  sujtixirt  the  view  th;it  the  PI  reaches  a  stt  ady  state  in  as  few  as  five  items,  but  this  does 
not  necessarily  dtuiy  the  steady-state  -.otj  -i;.  A!s  a  c. ireful  study  of  tliesf*  d.ita  and  the  data 
on  Intraimit  interference  .supyest-s  sotic'  strong  interact  inis  Intween  PI,  intraunit  interference 
(II),  and  the  relontioii  interval,  all  of  which  would  supjytrt  the  interference  interprct.ation:  but 
di.scussion  of  tliese  interactions  would  lie  tedious  and  unrewarding  until  properly  designed 
experiments  have  been  performed. 

My  conclusion  from  all  this  is  that  there  is  sufficient  direct  or  inferential  evidence  for 
PI,  RI,  and  II  in  the  short-term  retention  of  single  subspan  verbal  units,  and  that  the  PI  and 
potential  RI  may  account  for  the  observed  for^ettinit  of  one-chunk  units,  that  is,  when  II  is 
minimal.  So  much  for  interference. 

The  other  line  of  investigation  that  needs  to  U'  considered  licfore  the  question  of  continuum 
vs.  dichotomy  can  be  properly  as.sessed  has  to  do  witli  tlie  effect  of  repetition  on  the  short¬ 
term  memory  for  .subspan  and  ju.sl -supra span  strings  of  elements  or  chunks. 

The  concept  of  the  memory  siian  is  rather  important  in  tliis  discu.ssion  liecause  it  is  the 
boundary  between  the  number  of  elemi. nts,  or  chunks,  that  can  be  correctly  reproduced  im¬ 
mediately  after  a  sint',  repetition  and  the  numlier  of  elements,  or  chunks,  that  require  two  or 
more  repetitions  for  immediate  correct  reproduction.  Interestingly  enough,  the  short-term 
forgetting  curve  for  a  unit  of  memory-sp  oi  icngth  turns  out  to  bo  the  limiting  member  of  the 
liypothetical  family  of  curves  tliat  has  been  used  to  generalize  the  relationship  between  the 
slope  of  llie  forgetting  curve  and  the  number  of  chunks  in  tlic  to-be-remembored  unit.  Tlie 
e.xtrapolatod  forgetting  curve  for  a  unit  of  memory-.S))an  length  is  shown  as  the  dotted-line 
curve  of  Figure  4. 

Tlio  origin  of  tliis  limiting  curve  on  tlie  ordinate  will,  of  course,  di'pcnd  on  the  statistical 
definition  of  tlie  span  of  imniediate  memory,  but  in  order  to  be  consistent  I  have  placed  it  in 
Figure  4  at  or  near  100'/  recall  after  zero  interval.  It  is  al.so  assumed  that  the  presentation 
time  for  this  and  all  other  smaller  numbers  of  chunks  is  just  sufficient  for  one  perceptual  en¬ 
coding  of  each  element,  l.e.,  for  one  repetition.  For  a  unit  of  span  leuglli  if  i.s  not  surprising 
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tliat  a  precipitous  di?cIiiio  of  completely  »’orre<-t  r<call  to  /ero  is  exi  crte-.i  u1.<  :i  very 
short,  but  filled,  delays  are  introduced  iK-fore  recall  becins.  No  experiment  the  IjH  ratiirt' 
fits  these  operational  requirements  exactly.  i»ut  the  prediction  is  a  matter  of  cotntn on  exp' ri- 
ence  in  lookinft  up  telephone  numbers;  atul  we  also  have  Conrad's  [52  J  evidence  that  Ss  show  a 
radical  reduction  in  correct  dialintt  of  8-dii;it  numlx  rs  when  rtYiuired  merely  to  dial  "zero  ' 
before  dialing  the  number. 

At  this  point  we  are  brought  face  to  face  with  the  question  of  the  effects  of  re|>etition  of 
subspan  and  supraspan  units  on  their  recall.  Such  data  are  imixortanl  for  at  least  two  reasons. 
In  the  first  place,  the  argument  for  a  continuum  of  STM  and  LTM  requires  that  there  be  only 
orderly  quantitative  differences  in  the  effects  of  repetition  on  subspan  and  supraspan  units.  In 
the  second  place,  if  repetition  has  an  effect  on  the  frequency  of  correct  recall  of  subspan  units, 
such  as  consonant  trigrams,  this  must  certainly  have  some  significance  for  the  conceptualiza¬ 
tion  of  the  strength  of  a  memory  trace — whether  it  is  all-or-nonc  or  cumulative. 

The  effect  of  time  for  rehearsal  of  a  set  of  items  before  a  filled  retention  interval  was 
first  studied  by  Brown  (32).  His  negative  results  led  him  to  the  conclusion  that  recirculation 
ol  Information  through  the  temixjrary  memory  store  merely  delays  the  onset  of  decay,  but  does 
not  strengthen  the  trace.  However,  the  original  Peterson  and  Peterson  [43]  report  on  the 
retention  of  consonant  trigrams  included  an  experiment  which  showed  a  significant  effect  of 
Instructed  rehearsal  on  short-term  retention. 

Fortunately,  we  now  have  available  a  report  by  Hellycr  [53]  in  which  consonant  trigrams 
were  given  1,  2,  4,  or  8  visual  presentations  of  1  second  before  retention  intervals  of  3,  9,  18, 
and  27  seconds.  His  data  ire  shown  in  Figure  6  and  require  little  comment.  Obviously,  a 
consonant  trigram  is  remembered  better  with  repetition  even  though  it  is  completely  and  cor¬ 
rectly  perceived  and  encoded  .after  only  one  repetition,  as  judged  by  the  Immediate  recall  of  it. 
The  slopes  of  the  retention  curves  in  our  hypothetical  family  of  curves  based  on  the  number 
of  chunks  in  the  to-be-remembered  unit  arc,  therefore,  a  joint  function  of  chunks  and  repeti¬ 
tions.  Perhaps  a  better  theoretical  statement  of  this  concept  would  be  to  say  that  rejietilion 
reduces  the  number  of  chunks  in  the  lo-bc-romembcred  unit.  This  is  the  reason  that  one  word 
and  one  consonant  have  the  same  rate  of  forgetting. 

As  for  the  effect  of  repetition  on  just -supraspan  units,  we  have  no  data  directly  comparable 
with  those  of  Hellyer  for  subspan  units,  but  we  do  have  data  from  a  much  more  severe  test  of 
the  repetition  effect. :|I  refer  to  the  method  and  data  of  Hobb's  [37  )  study  in  which  he  disijroved 
to  his  own  satisfaction  his  own  assumption  about  "activity"  traces.  In  this  experiment  he 
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I'lrcRontfcl  a  fi.xofl  sft  of  24  arrivs  of  fi-dimt  nun:tx:-r.s.  Each  of  the  dibits  fr>fo  1  la  f*  was  asi  d 
only  once  wiftiin  each  to-he-rctm-rnh*  r<  o'  nrat.  The  cerics  was  read  a’oad  !o  S  at  the  r;(t<  of 
atxiiit  1  fiiicit  soiorid,  and  S  uas  instructed  t  >  repeat  the  diiats  imruf^fiatcly  i-:  exartSy  tia  sanu 
order.  The  utiusiial  feature  of  t(ie  experiment  •vas  that  exactly  the  same  serit  s  of  di-ijs 
occurred  on  every  third  trial,  i.e,,  the  3rd,  »]th,  9th  ..  .  24th,  the  others  varyinit  in  random 
fashion. 


FIGURE  6.  REICALL  VS,  INTERVAL  BEFORE  RECABL,  Perccntatfc  frequency  of  completely 
correct  recall  of  3 -consonant  triijrams  as  a  function  of  the  frequency  of  1- second  presentations 
of  the  trlgram  before  the  beginning  of  tlic  retention  interval  (Hellyer  [53]). 

His  results  arc  sliown  in  Figure  7.  Hebb  considered  the  rising  curve  for  the  repeated 
9-cligit  numbers,  when  contrasted  with  the  flat  curve  for  tlic  nonrepeated  numbers,  to  be  suf¬ 
ficient  basis  for  concluding  that  some  form  of  structural  trace  results  from  a  single  repetition 


22 


Iiiilitori'  of  Srir-ncf'  and  Tochnolog^ 


i  f  ;i!i  assai'i.'itivf'  scruinricc  of  *''VMits.  Furlh*'r.  h^-  prop^  rlv  «-<*':s'd«‘r >  ^fi.s  t  >  i--  .t  ra¬ 

tion  of  the  cuniulafi  vf  structural  offr-cfs  of  r«  p«  tit>on  und'^r  f-xtrc.-tif  !y  ad^-t  rs*-  cf  nridi’i-'s  in¬ 
volving  laritc  amounts  of  RI. 


FIGURE  7,  PERCENTAGE  FREQUENCY  OF  COMPLETELY  CORRECT  RECALL  OF  9-DIGIT 
NUMBERS  WHEN  TESTED  IMMEDIATELY.  TIjo  "rcpeatpcl  sorlps'’  was  a  specific  O-digit  .se¬ 
quence  that  occurred  in  the  3rd,  6th,  9th  .  .  .  24th  position  in  the  series, of  tests.  Other  points 
represent  nonrepeated  9-dif!:lt  numbers  (Hebb  [37]).  N  =  number  of  observations. 

Hebb's  method  in  this  experiment  may  well  be  another  im|Kjrtant  invention  in  the  analysis 
of  human  memory.  But  I  was  not  completely  satisfied  with  his  experiment  and  the  reliability 
of  his  findings,  for  reasons  that  need  not  be  detailed  hero.  As  a  consequence  of  these  uncer¬ 
tainties,  I  have  repeated  and  extended  Hebb’s  experiment  by  giving  each  of  32  women  Ss  two 
practice  numbers  and  then  80  tests  for  Immediate  recall  of  9-diglt  numbers.  Within  those  80 
tests  there  were  4  Instances  in  which  a  specific  9 -digit  number  occurred  4  times  with  2  cither 
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liiinii'cr.s  infer veiiiiun  Ijotween  snccf  s^'i ve  frinis.  4  in  which  n  sp<  ctfir  Jinn::;*  >  ■•erurr'  il  4  ijmes 
with  3  intervening  nunihers.  4  for  4  trials  with  S  intervenin'.',  nnrn.i/ers.  and  4  f  r  4  tri.es  with 
8  intervening  niinilters.  In  addition,  tfiere  were  if.  r<t-/!i.4i;  r;.:nd''(  rs  tfr.it  occnrrect  <  ndv 
I  will  not  try  to  de.scrilK'  tfie  interlockin',;  ifatterri  of  e^er,ts  tiiat  w.is  n.srd  to  nrhii  '.e  -his  drsi;;n, 
l)Ut  the  design  chosen  wa.s  used  in  Ir^tfi  a  forward  :t.n/f  fcickward  order  f>,r  diff.  r»nt  .Ss.  a-xi  tiie 
specific  repent€‘d  nunilters  wer  ■  a.sf  d  eg na'Iv  ;  ft*  n  und-  r  th<  differ*  r.t  .sparirns  of  ropcditions. 
Furthermore,  within  the  entire  set  <>f  32  tlifferr-nt  f*-di;’it  nund?*  rs  u.sr'sf  in  this  experiment, 
interseries  similarities  W'ore  minimiyed  f>y  insurini;  th.it  no  more  than  two  dicits  ever  occurred 


f  vice  in  the  same  order.  The  numbers  were  pres*  r.ted  visually  for  3.7  seconds,  and  S  recorded 
her  response  ity  writinR  on  a  3  <  5-lri  card  which  eoiitaitu-d  9  idork.s.  Recall  betran  0.7  second 
after  the  stimulus  slide  disappeared,  and  8.8  .seconds  were  allo'Vf  d  for  recall. 

Unfortunately,  my  Ss  behaved  in  a  somewhat  more  typical  fashion  than  Hebb’s  did.  in  that 
they  showed  substantial  nonspecific  practice  effects.  This  complicates  the  determination  of 
the  effects  of  specific  repetition,  because  later  trials  on  a  particular  9-divit  number  must 
always  be  later  In  practice  than  earlier  trials,  and  al.so  becau.se  this  confoundin;'  of  specific 
and  nonspecific  practice  effects  is  more  serious  the  creater  the  interval  between  repetitions 
of  a  specific  number.  This  confoundin;^  has  been  eliminated,  at  least  to  my  satisfaction,  by 
determining  the  function  that  seemed  to  be  the  most  appropriate  fit  to  the  practice  curve  based 
on  first  occurrences  of  specific  numbers.  Tliis  function  was  then  used  t'o  correct  obtained 
scores  on  the  2nd,  3rd,  and  4th  repetitions  of  a  specific  number  in  a  manner  and  amount 
appropriate  to  the  expected  nonspecific  |)racticc  effect. 


A  preferred  mcasu'-.?  of  the  effect  of  repetition  in  this  situation  is  the  mean  number  of 
digits  correctly  recalled  in  their  proper  pisitions.  In  Figure  8  is  shown  the  mean  number  of 
digits  correctly  recalled,  as  a  function  of  ordiii..!  (wsition  of  the  first  occurrence  of  a  9-digit 
number  within  the  experimental  session.  This  merely  confirms  my  statement  about  practice 
effects,  exhibits  the  equation  used  for  corrections  for  general  practice  effects,  and  permits 
observation  of  the  large  variabiUlv  of  mean  performance  in  this  type  of  experiment. 

The  principal  data  from  the  experiment  arc  shown  in  Figure  9.  The  effect  of  repetition  of  a 
specific  9-digit  number  is  plotted,  the  parameter  being  the  number  of  other  different  9-digit 
numbers  that  intervened  between  successive  repetitions  of  the  specific  number.  In  these  curves 
the  points  for  first-repetition  performance  are  obtained  points,  and  those  for  performance  on 
the  2nd,  3rd,  and  4th  repetitions  have  been  corrected  for  nonspecific  practice  effects.  In  Figure  10 
these  last  data  are  expressed  as  gains  in  performance  over  performance  on  the  first  occur¬ 
rence  of  a  number.  Comparable  data  for  gains  in  the  freriuency  with  which  entire  9-digit  num¬ 
bers  wore  currnctly  recalled  show  the  same  relation.shlp.s. 
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ORDINAL  NUMBER  OF  TEST  IN  SESSION 

FIGURE  8.  THE  NONSPECIFIC  PRACTICE  EFFECT  IN  THE  RECALL  OF  NEW  AND  DIFFER¬ 
ENT  9-DIGIT  NUMBERS  IN  THE  COURSE  OF  THE  EXPERIMENT 

These  data  not  only  confirm  the  Hebb  data  but  also  add  substance  to  an  argument  for  a 
continuum  of  Immediate,  short-term,  and  lonK-term  memory.  Just  as  a  continuum  theory 
would  have  predicted  Hebb's  results  with  two  intervoniiH:  numbers  between  repetitions  of  a 
specific  number,  it  also  would  predict  that  the  repetition  effect  would  be  a  decrcasinp;  function 
of  the  number  of  intervening  nur  Ijcrs  because  between-repotition  rctroatdivo  inhibition  is 
being  increased.  Even  so,  I  am  not  sure  that  .'mv  theory  would  have  ijredicted  that  one  would 
need  to  place  as  many  as  8  other  9-diglt  numbers  in  In'tween  repetitions  of  a  specific  9-digit 
number  before  the  repetition. effect  would  be  washed  out.  Surely,  the  structural  memory  trace 
established  by  a  single  occurrence  of  an  event  must  l>e  e.xtraordinarily  persistent. 
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FIGURE  9.  DIGITS  RECALLED  VS.  REPETITION.  Mr:ui  number  of  difjits  correctly  recalled, 
as  a  function  of  the  nuir’  er  of  repetitioii.s  of  the  specific  O-dipt  number  and  of  the  number  of 
other  O-dif^it  numbers  that  intervened  between  repetition.s.  The  data  points  for  the  first  repeti¬ 
tion  are  obtained  values;  the  data  |x»ints  for  the  second,  third,  and  fejurth  repetitions  reflect 

corrections  for  nonspecific  practice  effects. 

With  respect  to  our  hyixjthetical  family  of  rctenti(ni  curves  based  on  the  number  of  chunks 
in  the  to-bc-remembered  unit,  we  can  now  with  some  confidence  say  that  events  which  contain 
chunks  beyond  the  normal  memory  span  can  be  brouf^lit  to  the  criterion  of  perfect  immediate 
recall  by  reducing  the  number  of  chunks  through  repetition.  If  this  eminrical  model  involving 
chunks  and  repetitions  to  predict  short-term  forgetting  is  valid,  it  should  be  possible  to  show 
that  a  supraspan  9-chunk  unit  that  is  reduced  to  7  chunks  through  repetition  would  have  the 
short-term  forgettiVig  curve  of  a  7 -chunk  unit,  and  one  reduced  through  repetition  to  a  3 -chunk 
unit  should  have  a  3-chunk  short-term  forgetting  curve.  Even  though  this  prediction  is  prob- 
ably  much  too  simple-minded,  it  now  requires  no  stretch  of  my  imagination  to  conceive  of  the 
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■'ininif‘di;iff'”  or  shart-tf-rni  n-.rmory  f')r  ^irr.rU-  ijuUs  :«nd  th<-  ni«  t!Mr 
span  units,  likr  12  sfrial  nonsf’isf'  syllah'f's  or  S  pair*-'!  ass  K  tar*  s. 
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FIGURE  10.  GAINS  IN  DIGITS  RECALLED  VS.  REPETITIONS.  Moan  pains  in  numbor  of  dibits 
correctly  recalled,  as  a  function  of  the  nunil)er  of  repetitions  of  a  specific  O-diijit  minil)cr  and 
of  the  number  of  other  O-di^it  numbers  that  intervened  l^etween  repetitions.  All  train  scores 
have  been  corrected  for  nonspecific  practice  effects. 


4 

IMPLICATIONS 

We  may  now  turn  to  the  Implications  these  data  on  stiort-term  memory  seem  to  me  to  have 
for  a  thetjry  of  memory.  1  will  attempt  no  finely  spun  theory.  Itecause  such  is  neitlier  my  talent 
nor  my  Interest.  Also,(I  can  l)c  Ijrief  l)ecause,  aired  f  unctionalist  that  I  am,  1  would  be  the  first 
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to  admit — even  insist  —  that  niy  inf#T'T!f''s  are  stated  with  confidence  ctrdv  for  the  5t'>ra::e  at.d 
retriev'al  of  verhal  material  denionstraidy  er,«  fxie<l  l)y  aduit  humnn  Ss. 

The  duplexity  theory  of  memory  sforatre  must,  it  seems  to  me.  yield  te>  the  e  vidence 
favorin"  a  continuum  of  STM  and  LT.Nf  or  else  come  up  with  an  ad«<iuafe  accouruinc  for  the 
evidence  presented  here.  My  preference  Is  for  a  theoretical  strat* rv  that  accepts  .‘^TM  and 
LTM  as  mediated  by  a  sin^rle  type  of  stoiajte  mechanism.  In  such  a  contirunm.  frcqucicv  of 
repetition  appears  to  be  the  Imijortant  independent  variai)Fe.  "chunkin'.:"  seems  to  l)e  the  im- 
pfjrtant  Intcrveninp  variable,  and  the  slope  of  the  retention  curve  is  the  imt»rta;it  dependent 
variable,  I  am  persuaded  of  this  by  the  orderly  way  in  which  repetition  operates  on  hath  suIj- 
span  units  and  suprnspan  units  to  Increase  the  probability  of  retrieval  in  recall,  and  al.so  by 
the  parallelism  between  STM  and  LTM  that  is  revealed  as  we  look  at  STM  with  the  conceptual 
tools  of  the  Interference  theory  of  forgettimr  which  was  developed  from  data  on  LTM. 

The  evidence  that  implies  a  continuum  of  STM  and  LTM  also  relates,  of  course,  to  some 
of  the  other  issues  alwut  the  characteristics  of  memory  storage.  Although  it  is  perhaps  too 
early  to  say  that  the  autonomous  decay  of  traces  has  no  part  in  forgetting,  whether  short-term 
or  long-term,  I  sec  no  basis  for  assuming  that  such  decay  has  the  e.vtreme  rapidity  sometimes 
ascribed  to  it  or  for  assuming  that  it  accounts  for  a  \'ery  significant  portion  of  the  forgetting 
that  we  all  suffer  continually  and  in  large  amounts.  On  the  contrary,  the  data  from  Ixjth  STM 
and  LTM  tempt  one  to  the  radical  hypothesis  that  every  perception,  however  fleeting  and  em¬ 
bedded  in  a  stream  of  perceptions,  leaves  its  permanent  ’’structural"  trace  in  the  CNS, 

In  so  far  as  I  can  understand  the  Implicalion.s  of  the  con.solidalion  hypothesis  about  memory 
storage,  I  must  concur  .ith  Hobb’s  [37]  conclu.sion  that  his  e.xpcriment  demonstrates  the  fi.xa- 
tion  of  a  structural  trace  by  a  single  repetition  of  an  event  and  without  the  benefit  of  autonomous 
consolidation  processes.  In  fact,  I  think  that  our  repetiticjii  and  e.xtension  of  his  c.xperimcnl 
establishes  that  conclusion  even  mm-e  firmly,  because  it  shows  that  the  retrievability  of  the 
trace  of  the  first  experience  of  a  specific  9-digU  number  is  a  decreasing  function  of  the  amount 
of  reuse  of  the  elements  In  the  Interval  between  repetitions.  Therefore,  as  far  as  our  present 
data  go,  It  soem.s  proper  to  eonelude  that  a  eon.solidallon  process  exleiifling  over  more  than  a 
few  seconds  is  not  a  necessary  condition  for  the  fixation  of  a  structural  trace.  Tliis  does  not, 
of  course,  deny  that  consolidation  may  l)e  a  necessary  condition  in  other  typos  of  learning  or 
other  types  of  organism,  nor  docs  it  deny  that  types  of  e.xpcrience  (e.g.,  Kleinsmith  and  Kaplan 
[54],  Walker  [55])  other  than  the  mundane  remembering  of  nonsense  strings  of  letters  or  words 
may  benefit  from  such  autonomous  consolidation  processes  if  they  arc  permitted  to  occur. 
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The  issue  as  to  whether  memory  traces  are  estal.Hshed  r-,  an.  tnrrer.’.e’  ta'  -r  an-  ^r-'-nr.., 
fashion  can  i)e  refinecl,  hut  not  resolvf'ct.  cm  the  t>asis  of  our  of,>ser  vat  ions  or.  s'  irt-tcm  'r.cni- 
ory.  In  all  of  the  experiments  with  the  Pf  f<  r.v>ns'  method,  the  initial  operat;  n  Mas  to  ir.svirc 
that  S  encoded,  i.e.,  learned,  the  to-fie-rememfj'  red  unit  in  a  single  l-seri-d  j'resentation  of 
it  Ijefore  the  retention  interval  was  introduced.  This  is  ‘one-tria!"  le.iir.in;:  it.  a  more  e.\acl 
sen.se  than  has  been  true  of  various  attempts  to  demonstrate  the-  all-or-none  principle  iii 
associative  learning  (Postman  (10|).  Yet  for-tettim:  was  rapid  and  stronirly  a  function  of  the 
amount  of  potential  intraunit  interfere iice  in  the  to-I  e-rememlM‘rr<t  unit.  Also.  thi.s  unit  that 
was  perfectly  remembered  after  one  repetition  was  I>etter  remem!>ered  alter  multiple  mas.sed 
repetitions.  The  proper  question  in  the  case  of  verbal  associative  learniris  seems,  therefore, 
to  be  which  characteristics  of  the  trace  storage  refl*  ct  the  effects  of  repetitkns  on  perform¬ 
ance,  rather  than  the  question  whether  such  as.sinciative  connections  reach  full  effective 
strength  In  one  trial.  The  question  whether  repetitions  multiply  the  number  of  traces  leading 
to  a  particular  resixmse  or  produce  incremental  chan!:es  in  specific  traces  seems  to  me  to  be 
subject  to  direct  experlmcnta!  attack.  Perhaps  attain  because  of  my  Functionalist  background, 

I  am  inclined  to  believe  that  future  research  will  show  that  loth  the  multiplexinp:  of  traces  and 
the  Incremental  strcn^tthenlnK  of  traces  results  from  repcrtition.  Which  mode  of  storage 
carries  the  greater  burden  in  facilitating  retrieval  will  depend  on  the  friability  of  stimulation 
from  repetition  to  repetition  and  the  appropriateness  of  the  sampling  of  this  prior  stimulation 
at  the  time  of  attempted  retrieval. 

Finally,  with  respect  to  the  retrieval  process,  the  theory  of  w’hich  is  dominated  by  trans¬ 
fer  theory  for  LTM,  It  seems  that  the  placing  of  STM  and  LTM  on  a  continuum — and  the  reasons 
for  doing  so — forces  th(  interference  theory  of  forgetting  to  include  the  prediction  of  for¬ 
getting  in  STM  within  its  domain.  At  least,  the  testing  of  the  theory  in  that  context  will  extend 
its  importance  as  a  general  theory  of  forgetting,  if  it  survives  the  tests,  and  will  quickly  reveal 
the  discontinuity  of  STM  and  LTM,  if  in  fact  they  are  discontinuous. 

Whatever  may  be  the  outcome  of  these  theoretical  and  experimental  issue's  in  the  next  few 
years,  we  can  be  certain  of  one  tiling  at  this  time.  The  ronval  of  interest  in  short-term 
memory  and  the  new  techniques  that  have  been  devised  for  the  analysis  of  short-term  memory 
will  enrich  and  extend  our  understanding  of  human  memory  far  beyond  what  could  have  been 
accomplished  by  the  most  assiduous  exploitation  of  the  techniques  of  rote  memorization  of  lists 
of  verbal  units.  In  fact,  our  evidence  on  STM  for  near-siian  and  supraspan  verbal  units  sug¬ 
gests  that  the  systematic  exploration  of  the  retention  of  varying  sizes  of  units  over  short  and 
long  time  intervals  will  give  new  meaning  to  research  employing  lists. 
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